Two high-rank bituminous coals and three sawdusts of different origin were selected to 11 study the effect of biomass on coking pressure. The effect of the biomass on the 12 thermoplastic properties of the coals was assessed by means of the Gieseler test. In 13 addition, the effect of the biomass on the thermal decomposition of the coals was studied 14 by means of thermogravimetric analysis together with the modification of the permeability 15 of the coal plastic phase. The individual coals and the blends were carbonized in a 17 16 kg movable wall oven; the coking pressure developed was measured and the quality of 17 the resulting coke was assessed. It was found that the sawdust reduced coking pressure, 18 especially in the case of the coal that developed the highest coking pressure. This effect 19 was attributed to the modification of the permeability of the plastic phase to gas flow. It 20 was concluded that although the addition of sawdust produces a decrease in coking 21 pressure, additions should be limited to small amounts to avoid excessive deterioration 22 of the quality of the product. 23 24 25 26 27 analysis 28 2 1. Introduction
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After the test the coke was sieved and the DI150/15 index was calculated from the 125 amount of coke with a particle size greater than 15 mm. The coke reactivity and 126 mechanical strength after reaction were assessed by means of the NSC test (ASTM 127 D5341 standard procedure). Two indices were derived from this test i.e. the CRI index 128 representing the loss of weight of a 200 g sample of coke with a size between 19-22.4 129 mm after reaction with CO2 at 1100 °C for two hours and the CSR index representing the 130 percentage of partially-reacted coke remaining on a 9.5 mm sieve after 600 revolutions 6 O contents. The C/H atomic ratios of the sawdust are lower than those of the coals, the 141 lowest being that of the SP. The C/O atomic ratios of the coals are more than 20 times 142 higher than those of the sawdusts. The sulphur contents are very low (< 0.02 wt %) in all 143 three sawdusts. As expected, torrefaction of the pine sawdust (SP) produced an increase 144 in the C/O atomic ratio due to the elimination of oxygen from the structure of the sawdust.
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The particle sizes of the coals and the sawdusts are also included in Table 1 . The two 146 coals were ground to obtain similar particle size distributions, whereas the sawdusts 147 were left unground. The biomass was used as received. The finest biomass samples 148 were oak, 79 wt.% of whose particles were smaller than 0.5 mm whereas the coarsest 149 particle size distribution was that of SC, 4 wt.% of whose particles were smaller than 0.5 150 mm. for C1 and C2, respectively. As reported previously, the use of sawdust as an additive to 166 coal produces a decrease in coal fluidity [3, 4] . In this study the variation in fluidity was 167 tested considering its importance in relation to coking pressure and to see whether there 7 is any relation between fluidity and devolatilization and the permeability of the plastic 169 phase to the flow of gas. Figure 1 shows the loss of maximum Gieseler fluidity with 170 increasing amounts of the three sawdusts and torrefied pine sawdust. The effect is 171 similar in all three cases. No appreciable differences can be assigned to a particular type 172 of sawdust or to the torrefied sawdust. Considering that a finer particle size of inerts leads 173 to a greater reduction in fluidity, the differences observed between SC and SR, both of 174 which are hardwoods, can be assigned to the fact that SR has greater proportion of 175 particles smaller than 0.5 mm prior to grinding for the Gieseler test as required by the 176 standard norm. Nevertheless it appears that the lower fluidity coal (C2) is more affected 177 and for the same amount of sawdust the reduction in fluidity is greater. It can be seen in 
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There is then a plateau of low permeability, after which it increases as the coke 216 resolidifies. The parameters derived from the test are included in Table 2 . The value 217 obtained for K in the case of the single coal C2 is similar to others reported in the 218 literature [14, 28] . When sawdust is used, the value of K does not show any significant 219 variation. The most notable variations correspond to the value of the temperature at the 220 end of the low permeability zone (T2). All the blends show a T2 which is at least 10 °C 221 lower than that of the individual coal. As a consequence the low permeability range is 222 also narrower than that of the single coal. Smaller ranges of low permeability are 223 associated with a lower coking pressure. 
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The reduction in coking pressure is more pronounced in the case of the coal that 
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Given the influence of inherent large inerts on coking pressure since their high 264 porosity helps the volatiles evolved from coal to escape, the sawdusts were subjected to 265 SEM to study their porous structure. Figure 7 shows images of the three sawdusts 
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Moreover, the formation of fissures also allows the release of volatiles, thereby 281 contributing to a reduction in gas pressure during coal coking. When viewed under the 282 microscope biomass in coke looks very much like the large inerts inherent to cokes [4] .
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A study of the interfaces between the textural components of cokes shows that those of Table 3 . A previous study 293 carried out with single coals clearly demonstrated the temperature range of the low 294 permeability stage and the temperature of the end of the low permeability plateau to be 295 related to coking pressure [14] . Figure 6 shows that the addition of any of the sawdusts 296 tested leads to a decrease in coking pressure and this is reflected in a diminution of the 297 low permeability range which is specially marked by the lower value of T2 and, in turn, 298 by the smaller T2-T1 range. Dangerous coals [14] have a T2 greater than the 299 temperature of resolidification, as measured by the Gieseler test (Tr), the effect of the 300 addition of sawdust being to reduce the temperature of the end of low permeability zone 301 (Table 2) which is closely associated with a decrease in the coking pressure. The 302 difference between T2 and Tmax is also greater in the dangerous coal C2 than in the 303 blends which indicates that the low permeability zone extends over a greater temperature 304 range after the maximum rate of volatiles release has occurred. The difference is due to 305 modifications in T2 since Tmax remains almost constant in all the blends between 479 306 and 481 °C. In the case of the blends containing sawdust the gases that evolve find a 12 medium that is less restrictive of their movement with a consequent decrease in the 308 coking pressure. In the case of the blends Tmax is very similar to that derived from the 309 curve of coal decomposition, but the curves show other maxima that correspond to 310 temperatures lower than that of the beginning of the low temperature zone and, as a 311 consequence, these do not cause an increase in pressure (Figures 2 and 3 Figure 9 . Although at low levels of addition of 324 around 2 wt% the effect of adding oak sawdust appears to be more deleterious than that 325 of chestnut and pine, at 5 wt% addition the effect is similar. Torrefaction has no effect at 326 all on the CSR index of the coke produced from C1. One of the factors used to explain 327 these differences in coke reactivity is the composition of the ashes. The ash in this type 328 of sawdust is rich in Ca and K that are known to act as catalysts of the carbon gasification 329 reaction and serve therefore to increase the reactivity of the coke [2,7,32,33]. Other 330 authors using charcoals of various sizes have found that the most deleterious effect for 331 coke quality was obtained when the charcoal of the smallest size was used [7, 33] . In the 332 present research work the sawdust with the finest particle size distribution was SR (Table   333 1). The addition of this sawdust produced a lower CSR index with 2 wt% addition but 334 13 when the amounts of addition were increased the differences observed between the 335 three sawdusts diminished.
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Conclusions
338
Waste sawdusts from pine, chestnut and oak and torrified pine sawdust were used as 339 additives for mixing with two low volatile coking coals. It was found that all of them 340 modified the devolatilization curve of the coals but no apparent interaction between the 341 biomass and the coal occurred in the blends during thermal decomposition. The log K
342
curve corresponding to the blends shows a narrower zone of low permeability than that 343 of the individual coal which is associated with a decrease in coking pressure.
344
In addition the large porosity of the sawdust in the blends allowed gases to escape more 345 easily, as a result of which the build-up of pressure was avoided inside reaction mass.
346
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